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Summary  Risk  perception  and  psychological  concerns  are  relevant  for  under-
standing  how  people  view  Lyme  disease.  This  study  investigates  the  four  separate
outcomes  of  susceptibility,  likelihood  to  be  diagnosed,  worry,  and  fear  for  contract-
ing  Lyme  disease.  University  students  (n  =  713)  were  surveyed  about  demographics,
perceived  health,  Lyme  disease  knowledge,  Lyme  disease  preventive  behaviors,
Lyme  disease  history,  and  Lyme  disease  miscellaneous  variables.  We  found  that
women  were  associated  with  increased  susceptibility  and  fear.  Asian/Asian-American
race/ethnicity  was  associated  with  increased  worry  and  fear.  Perceived  good  health
was  associated  with  increased  likelihood  to  be  diagnosed,  worry,  and  fear.  Cor-
rect  knowledge  was  associated  with  increased  susceptibility  and  likelihood  to  be
diagnosed.  Those  who  typically  spend  a  lot  of  time  outdoors  were  associated  with
increased  susceptibility,  likelihood  to  be  diagnosed,  worry,  and  fear.  In  conclusion,
healthcare  providers  and  public  health  campaigns  should  address  susceptibility,  like-
lihood  to  be  diagnosed,  worry,  and  fear  about  Lyme  disease,  and  should  particularly
target  women  and  Asians/Asian-Americans  to  address  any  possible  misconceptions
and/or  offer  effective  coping  strategies.
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yme  disease  is  transmitted  by  ticks  and  had
29,000 cases  per  year  in  the  United  States  dur-
ng 2005—2010  [1].  Symptoms  of  Lyme  disease  vary
reatly  in  terms  of  severity,  and  include  fever,
eadaches, fatigue,  stiff  neck,  and  muscle  and  joint
nces. Published by Elsevier Limited. All rights reserved.
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sex (man  or  woman),  and  race/ethnicityoncerns  for  contracting  Lyme  disease  
ches  [2].  In the  United  States,  Lyme  disease  is most
revalent  in  the  northeastern  region  and  also  in  the
dditional  states  of  Minnesota,  Wisconsin  and  Vir-
inia, with  96%  of  the  conﬁrmed  cases  occurring  in
hese areas  in  2014  [3].
Susceptibility  to  contracting  Lyme  disease  is  ana-
yzed in  a  number  of  studies.  In  a  community  in
hich many  individuals  perceived  that  they  were
usceptible  to  Lyme  disease,  blood  testing  for  Lyme
isease  was  provided.  As  many  of  the  blood  tests  did
ot conﬁrm  Lyme  disease,  the  self-reported  inci-
ence of  Lyme  disease  decreased  in  subsequent
ears [4].  Slightly  more  than  10%  of  participants
rom high-incidence  Lyme  disease  states  reported
hat their  likelihood  of  ever  contracting  Lyme  dis-
ase was  50%  or  more  [5]. Additionally,  individuals’
erceived susceptibility  to  Lyme  disease  was  not
ssociated  with  checking  their  skin  for  the  presence
f ticks  to  prevent  Lyme  disease  [6].  Susceptibility
o Lyme  disease  was  greater  for  women  than  men
or ages  35—54  years  [7]. Slightly  more  than  half
erceived  themselves  to  be  at  risk  for  Lyme  disease;
his risk  perception  did  not  differ  between  indoor
nd outdoor  workers  [8].
To our  knowledge,  we  are  only  aware  of  three
tudies about  concern  or  worry  for  contracting  Lyme
isease.  Those  who  were  somewhat  concerned  to
ery concerned  about  being  bitten  by  ticks  were
ssociated  with  engaging  in  behaviors  to  prevent
ick bites  [5].  Both  Canadian  and  Swiss  samples
eported high  levels  of  being  worried  about  con-
racting  Lyme  disease.  Women  reported  greater
orry  than  men  among  those  in  the  Swiss  sample  of
hose aged  55  and  older  [7].  Increased  worry  about
yme disease  was  associated  with  engaging  in  Lyme
isease  preventive  behaviors  [6].
One research  team  combined  susceptibility,
orry,  and  a  number  of  other  factors  together  as
n aggregate  measure  of  risk  perception  for  Lyme
isease  [7]  [9].  Increased  risk  perception  was  asso-
iated  with  engaging  in  preventive  behaviors  for
yme disease  [9].  In  the  Canadian  sample,  women
nd increased  knowledge  of  Lyme  disease  were
ssociated with  increased  risk  perception.  Those  in
he 18—34  and  35—54  age  groups  were  associated
ith decreased  risk  perception.  Knowing  someone
ith Lyme  disease  was  not  associated  with  risk
erception  overall.  However,  in  the  Swiss  sample,
nowing someone  with  Lyme  disease  was  associ-
ted  with  increased  risk  perception.  Knowledge,
ex, and  age  were  not  associated  with  risk  per-
eption. In  both  samples,  a  personal  history  of
yme disease,  a  relative  having  Lyme  disease,  and
utdoor  exposure  were  not  associated  with  risk
erception  [7].
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Most  studies  of  susceptibility,  likelihood,  and
orry about  Lyme  disease  use  susceptibility,  like-
ihood and  worry  as  predictors  for  understanding
yme disease  preventive  behaviors  [6,9,5]. The
ne multivariate  study  with  an  aggregate  measure
ncluding  susceptibility  and  worry  as  an  outcome
ariable reported  conﬂicting  results  depending
n whether  the  sample  was  from  Canada  or
witzerland [7]. This  study  [7]  did  not  include
ngaging in  preventive  behaviors  as  a predic-
or variable.  While  one  study  focused  on  the
ear of  contracting  the  mosquito-transmitted  dis-
ase of  malaria  [10],  we  are  not  aware  of  any
esearch about  the  fear  of  contracting  Lyme  dis-
ase. Although  fear  can  be  related  to  worry,
hey are  different  constructs  [11].  We  study
ith a United  States  sample  four  separate  out-
ome variables  of  susceptibility,  likelihood  to  be
iagnosed,  worry,  and  fear  for  contracting  Lyme
isease.  We  use  a multivariate  framework  and
nclude  demographic  variables,  perceived  health,
yme disease  knowledge,  Lyme  disease  preventive
ehaviors, Lyme  disease  history  and  miscellaneous
yme disease-related  variables  as  predictor  vari-
bles.
ethods
articipants
he  sample  was  713  undergraduate  students  who
nonymously  completed  a  survey  at  a  public  uni-
ersity located  in  New  York  City.  A  total  of  757
tudents were  approached;  21  refused  to  partici-
ate,  22  individuals  who  were  older  than  36  were
xcluded  to  maintain  a more  conventional  college-
ged  group,  and  1  person  failed  to  answer  the
utcome variables.  The  response  rate  was  97.1%
rom the  735  completed  surveys  [(735/757)  * 100%].
he study  was  approved  by  the  college  Human
esearch Protection  Program  and  was  ethically
onducted in  accordance  with  the  guidelines  of
he Declaration  of  Helsinki.  All  participants  pro-
ided informed  consent  and  were  surveyed  from
eptember  through  October  2014.
easures
emographics
emographics  consisted  of  age  (years),white,  African-American,  Hispanic-American,
sian/Asian-American,  South  Asian  (India,  Pakistan,
urrounding  areas),  and  other].
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Perceived  health
The  participants  in  the  study  self-reported  their
current  health  status  with  choices  of  excellent,
very good,  good,  fair,  or  poor.  Responses  of  fair  and
poor were  combined  due  to  the  small  number  of
responses.
Knowledge  related  to  Lyme  disease
Participants  answered  ﬁve  true-or  false  knowledge
questions: (1)  people  can  get  Lyme  disease  after  a
tick bite;  (2)  the  chance  for  tick  bites  is higher  dur-
ing the  summer  than  the  winter;  (3)  ticks  mostly
fall out  of  trees;  (4)  using  insect  repellant  on  skin
can protect  against  tick  bites  [6];  and  (5)  the  insect
that causes  Lyme  disease  is  typically  as  large  as
an adult  common  houseﬂy  [12].  All  of  the  correct
answers were  true,  except  for  ‘‘ticks  mostly  fall  out
of trees,’’  which  was  false.
Preventive  behaviors
The  ﬁve  preventive  behavior  items  were:  (1)  per-
form  tick  checks  after  being  outdoors;  (2)  use  insect
repellant  on  skin/and  or  clothing  when  outdoors;
(3) wear  long  pants  in  wooded  or  brushy  areas;  (4)
avoid wooded  areas;  and  (5)  tuck  pant  legs  into
socks [13].  The  answer  choices  were  never,  some-
times,  and  always.
Lyme  disease  history  and  miscellaneous  Lyme
disease related  variables
These  were  ﬁve  yes-or-no  questions:  (1)  I typically
spend a  lot  of  time  outdoors;  (2)  before  partici-
pating in  this  survey,  have  you  ever  heard  of  Lyme
disease?;  (3)  have  you  ever  been  diagnosed  with
Lyme disease?;  (4)  do  you  know  someone  who  was
diagnosed  with  Lyme  disease?;  and  (5)  have  you  ever
had a  tick  bite?
Outcome  variables
The  four  outcomes  variables:  ‘‘If  I do  not  take
preventive measures,  I am  susceptible  to  getting
Lyme disease,’’  ‘‘I  am  likely  to  be  diagnosed  with
Lyme disease  in  the  next  12  months,’’  and  ‘‘I
am worried  about  getting  Lyme  disease,’’  were
slightly  modiﬁed  from  [6].  The  fear  item,  ‘‘I  am
afraid about  getting  Lyme  disease’’  is  original.
All items  were  measured  with  a  Likert-style  scale
ranging  from  1  = strongly  disagree  to  7  =  strongly
agree.
Statistical analysisMeans  and  standard  deviations  were  calculated
for the  continuous  variables  while  percentages
and frequencies  were  calculated  for  the  cate-
gorical variables.  Multivariate  linear  regression
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nalyses  were  conducted  to  study  the  rela-
ionships between  the  predictors  and  the  four
eparate outcome  variables.  Predictors  included
emographics, perceived  health,  Lyme  disease
nowledge,  Lyme  disease  preventive  behaviors,
yme disease  history,  and  miscellaneous  vari-
bles. All  p-values  were  two  sided.  Stata/SE
ersion 13  [14]  was  used  to  perform  these  analy-
es.
esults
able  1  shows  the  descriptive  statistics  of  the  sam-
le. The  mean  age  was  slightly  older  than  22
ears, and  women  made  up  slightly  more  than
alf of  the  sample.  Race/ethnicity  included  slightly
ore than  one-quarter  Asian/Asian  American,  more
han one-tenth  African  American,  and  slightly  less
han one-tenth  Hispanic  American.  More  than  half
ere born  in  the  United  States.  Almost  two-thirds
eported either  excellent  or  very  good  perceived
ealth. For  the  knowledge  questions,  two  were
nswered  with  more  than  three-quarters  correct,
wo were  answered  with  more  than  half  cor-
ect, and  one  had  less  than  half  correct.  Only
wo of  ﬁve  preventive  behaviors  were  endorsed  as
lways done  by  more  than  one-ﬁfth  of  the  par-
icipants. More  than  half  typically  spent  a  lot  of
ime outdoors.  More  than  half  previously  heard
f Lyme  disease  before  participating  in  this  sur-
ey. Less  than  2%  were  ever  diagnosed  with  Lyme
isease.  Less  than  one-ﬁfth  knew  someone  who
as diagnosed  with  Lyme  disease.  More  than  one-
enth ever  had  a tick  bite.  For  the  outcome
ariables, susceptibility  to  Lyme  disease  had  a
ean score  above  the  midpoint  in  the  direction
f strongly  agree.  All  the  other  outcome  vari-
bles of  likely  to  be  diagnosed,  worried,  and  afraid
f getting  Lyme  disease  each  had  mean  scores
elow the  midpoint  in  the  direction  of  strongly  dis-
gree.
Table  2  shows  the  linear  regression  analyses  for
ot taking  preventive  measures  and  being  suscepti-
le to  getting  Lyme  disease.  The  following  variables
ere each  associated  with  increased  susceptibility:
omen, correct  knowledge  answers  to  two  knowl-
dge items  (tick  bites  higher  during  the  summer
han winter;  the  insect  causing  Lyme  disease  is typ-
cally as  large  as  an  adult  common  houseﬂy)  spend
 lot  of  time  outdoors  and  know  someone  diagnosed
ith Lyme  disease.  Hearing  about  Lyme  disease
efore participating  in  the  survey  was  statistically
igniﬁcantly associated  with  decreased  susceptibil-
ty. None  of  the  perceived  health  or  preventive
ehavior variables  were  statistically  signiﬁcant.
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Table  1  Sample  characteristics  of  survey  for  vulner-
ability  and  fear  for  Lyme  disease.
Variable  Mean  (SD)  Percentage
(frequency)
Demographics
Age  (years) 22.1  (3.52)  —
Sex  (women) —  50.1%  (357)
Race/ethnicity
White  —  35.6%  (254)
African-American  14.2%  (101)
Hispanic-American  9.3%  (66)
Asian/Asian-
American
25.9%  (185)
South  Asian  (India,
Pakistan,  surrounding
areas)
6.5%  (46)
Other  8.4%  (60)
Missing  0.1%  (1)
Born  in  the  United
States
Yes — 60.7%  (433)
Missing  0.1%  (1)
Perceived  health
Overall,  would  you  say
your  health  is:
Excellent  —  21.7%  (155)
Very  good  43.6%  (311)
Good  30.3%  (216)
Fair/poor  4.2%  (30)
Missing  0.1%  (1)
Knowledge
People  can  get  Lyme
disease  after  a  tick
bite
Correct  —  83.0%  (592)
Missing  0.4%  (3)
The  chance  for  tick
bites  is  higher  during
the  summer  than  the
winter
Correct  80.6%  (575)
Missing  —  0.3%  (2)
Ticks  mostly  fall  out  of
trees
Correct  —  60.3%  (430)
Missing  0.4%  (3)
Using  insect  repellant
on  skin  can  protect
against  tick  bites
Correct  —  52.9%  (377)
Missing  0.6%  (4)
The  insect  that  causes
Lyme  disease  is
typically  as  large  as
an  adult  common
houseﬂy
Correct  41.4%  (295)
Missing  —  0.7%  (5)
Table  1  (Continued)
Variable  Mean  (SD)  Percentage
(frequency)
Preventive  behaviors
Perform  tick  checks
after  being  outdoors
Never  —  67.5%  (481)
Sometimes  27.2%  (194)
Always  3.9%  (28)
Missing  1.4%  (10)
Use  insect  repellant  on
skin  and/or  clothing
when  outdoors
Never  —  40.7%  (290)
Sometimes  45.3%  (323)
Always  12.6%  (90)
Missing  1.4%  (10)
Wear  long  pants  in
wooded  or  brushy
areas
Never  —  14.7%  (105)
Sometimes  49.6%  (354)
Always  34.2%  (244)
Missing  1.4%  (10)
Avoid  wooded  areas
Never  —  25.1%  (179)
Sometimes  53.0%  (378)
Always  20.5%  (146)
Missing  1.4%  (10)
Tuck  pant  legs  into
socks
Never  —  61.9%  (441)
Sometimes  29.3%  (209)
Always  7.4%  (53)
Missing  1.4%  (10)
Lyme  disease  history  and  miscellaneous
I  typically  spend  a lot
of  time  outdoors
Yes  —  56.0%  (399)
Missing  0.8%  (6)
Before  participating  in
this  survey,  have  you
ever  heard  of  Lyme
disease?
Yes  —  62.8%  (448)
Have  you  ever  been
diagnosed  with  Lyme
disease?
Yes  —  1.7%  (12)
Missing  0.1%  (1)
Do  you  know  someone
who  was  diagnosed
with  Lyme  disease?
—
Yes  14.6%  (104)
Have  you  ever  had  a
tick  bite?
—
Yes 12.3%  (88)
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Table  1  (Continued)
Variable  Mean  (SD)  Percentage
(frequency)
Outcome  variables
If  I  do  not  take
preventive  measures,
I  am  susceptible  to
getting  Lyme  disease
4.4  (1.62) —
I  am  likely  to  be
diagnosed  with  Lyme
disease  in  the  next
12  months
2.5 (1.57)  —
I  am  worried  about
getting  Lyme  disease
3.4  (1.92) —
I  am  afraid  about
getting  Lyme  disease
3.8  (2.01)  —
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age group  comparisons.  This  study  found  in  theirNote: M = mean, SD = standard deviation.
Table  3  shows  the  linear  regression  analyses  for
likely  to  be  diagnosed  with  Lyme  disease  in  the
next 12  months.  The  following  variables  were  each
associated  with  this  increased  likelihood:  perceived
good  health,  a  correct  knowledge  answer  to  using
insect  repellant  to  protect  against  tick  bites,  those
who always  tuck  their  pant  legs  into  their  socks,  and
those who  typically  spend  a  lot  of  time  outdoors.
The following  variables  were  each  associated  with
decreased  likelihood:  those  who  sometimes  used
insect repellant  when  outdoors  and  those  who  had
heard about  Lyme  disease  before  participating  in
the survey.  None  of  the  demographic  variables  were
statistically  signiﬁcant.
Table  4  shows  the  linear  regression  analyses  for
worried  about  getting  Lyme  disease.  The  following
variables were  each  associated  with  increased
worry: Asian/Asian-American  race/ethnicity,  per-
ceived good  health,  a  correct  knowledge  answer
that the  insect  causing  Lyme  disease  is  typically
as large  as  an  adult  common  houseﬂy,  those  who
sometimes  avoided  wooded  areas,  and  those  who
typically  spend  a  lot  of  time  outdoors.  The  follow-
ing variables  were  each  associated  with  decreased
worry: increased  age  and  a  correct  knowledge
answer that  ticks  do  not  mostly  fall  out  of  trees.
Table  5  shows  the  linear  regression  analy-
ses for  afraid  of  getting  Lyme  disease.  The
following variables  were  each  associated  with
increased fear:  women,  Asian/Asian-American
race/ethnicity,  perceived  good  health,  both  some-
times and  always  avoided  wooded  areas,  and
those who  typically  spend  a  lot  of  time  outdoors.
The following  variables  were  each  associated  with
decreased  fear:  increased  age  and  a  correct  knowl-
edge answer  that  ticks  do  not  mostly  fall  out  of
trees.
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iscussion
his  study  found  several  associative  relation-
hips with  regard  to  Lyme  disease.  Increased
ge was  associated  with  decreased  worry  and
ecreased fear.  Women  were  associated  with
ncreased susceptibility  and  fear.  Asian/Asian-
merican race/ethnicity  was  associated  with
ncreased  worry  and  fear.  Perceived  good  health
as associated  with  increased  likelihood  to  be  diag-
osed, increased  worry,  and  increased  fear.  Correct
nowledge  that  the  chance  for  tick  bites  is  higher
uring the  summer  than  the  winter  was  associated
ith increased  susceptibility.  Correct  knowledge
hat ticks  do  not  mostly  fall  out  of  trees  was  asso-
iated with  decreased  worry  and  decreased  fear.
orrect knowledge  that  using  insect  repellant  on
he skin  can  protect  against  tick  bites  was  asso-
iated with  increased  likelihood  to  be  diagnosed.
he preventive  behavior  variable  of  sometimes
sing insect  repellant  on  the  skin  and/or  clothing
hen outdoors  was  associated  with  a  decreased
ikelihood to  be  diagnosed.  The  preventive  behav-
or variable  of  sometimes  avoiding  wooded  areas
as associated  with  increased  worry,  while  both
ometimes  and  always  avoiding  wooded  areas  were
ssociated  with  increased  fear.  The  preventive
ehavior variable  of  always  tucking  pant  legs  into
ocks was  associated  with  an  increased  likelihood
o be  diagnosed.  Those  who  typically  spend  a  lot
f time  outdoors  were  associated  with  increased
usceptibility, increased  likelihood  to  be  diagnosed,
ncreased  worry,  and  increased  fear.  Those  who
ad heard  about  Lyme  disease  before  the  survey
ere associated  with  decreased  susceptibility  and
ecreased  likelihood  to  be  diagnosed.  Those  who
new someone  diagnosed  with  Lyme  disease  were
ssociated  with  increased  susceptibility.
In our  multivariate  analyses  we  found  that
ithin the  sample  of  those  ages  18—35  years,  that
ncreased  age  was  associated  with  decreased  worry
nd decreased  fear;  while  there  was  no  association
f age  with  susceptibility  and  likelihood  to  be  diag-
osed. To  the  best  of  our  knowledge,  ours  is  the
rst research  study  regarding  age  and  its  associa-
ions with  separate  particular  attitudes  about  Lyme
isease that  used  multivariate  analyses  adjusting
or other  potentially  relevant  variables.  We  found
ne multivariate  analysis  with  an  aggregate  risk
erception  measure  for  Lyme  disease  that  included
ttitudes  of  susceptibility  and  worry  along  with  an
dditional topic  of  perceived  severity  for  differentanadian  sample  that  those  aged  18—34  years  had
he lowest  odds  and  those  35—54  years  the  next
owest odds  compared  to  the  age  group  of  55  years
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Table  2  Linear  regression  analyses  for  being  susceptible  to  getting  Lyme  disease.
Variable  Beta  SE  p-value
Demographics
Age  (years)  −0.02  0.02  0.23
Sex  (women)  0.27  0.13  0.04
Race/ethnicity
White  Reference
African-American  −0.12 0.20 0.54
Hispanic-American  0.10  0.23 0.66
Asian/Asian-American  0.13  0.17  0.43
South  Asian  (India,  Pakistan,  surrounding  areas)  0.21  0.27  0.43
Other  0.12  0.24  0.63
Were  you  born  in  the  United  States  (yes)  −0.05  0.15  0.75
Perceived  health
Overall,  would  you  say  your  health  is:
Excellent  Reference
Very  good  −0.04  0.16  0.83
Good  0.19  0.18  0.31
Fair/poor  0.03  0.33  0.93
Knowledge
People  can  get  Lyme  disease  after  a  tick  bite  0.27  0.17  0.12
The  chance  for  tick  bites  is  higher  during  the  summer  than  the  winter  0.34  0.16  0.04
Ticks  mostly  fall  out  of  trees  (reverse)  −0.13  0.13  0.30
Using  insect  repellant  on  skin  can  protect  against  tick  bites −0.10  0.13  0.41
The  insect  that  causes  Lyme  disease  is  typically  as  large  as  an  adult
common  houseﬂy
0.38 0.13  0.003
Preventive  behaviors
Perform  tick  checks  after  being  outdoors
Never  Reference
Sometimes  −0.09  0.16  0.56
Always  −0.25  0.35  0.48
Use  insect  repellant  on  skin  and/or  clothing  when  outdoors
Never  Reference
Sometimes  0.24  0.15  0.11
Always  0.09  0.22  0.70
Wear  long  pants  in  wooded  or  bushy  areas
Never  Reference
Sometimes  0.02  0.21  0.93
Always  −0.15  0.22  0.49
Avoid  wooded  areas
Never  Reference
Sometimes  −0.07  0.16  0.67
Always  −0.26  0.20  0.09
Tuck  pant  legs  into  socks
Never  Reference
Sometimes  −0.05  0.15  0.76
Always  0.21  0.27  0.42
Lyme  disease  history  and  miscellaneous
I typically  spend  a  lot  of  time  outdoors  (yes)  0.34  0.13  0.01
Before  participating  in  this  survey,  have  ever  heard  of  Lyme  disease?  (yes)  −0.35  0.14  0.01
Have  you  ever  been  diagnosed  with  Lyme  disease?  (yes)  0.23  0.50  0.64
Do  you  know  someone  who  was  diagnosed  with  Lyme  disease?  (yes)  0.68  0.19  <0.001
Have  you  ever  had  a  tick  bite?  (yes)  −0.23  0.20  0.25
Constant  4.14  0.53  <0.001
Note: SE = standard error.
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Table  3  Linear  regression  analyses  for  likely  to  be  diagnosed  with  Lyme  disease  in  the  next  12  months.
Variable  Beta  SE  p-value
Demographics
Age  (years)  −0.01  0.02  0.50
Sex  (women)  −0.09  0.12  0.44
Race/ethnicity
White  Reference
African-American  0.10  0.19 0.59
Hispanic-American  0.02  0.21 0.91
Asian/Asian-American  0.11  0.16 0.50
South  Asian  (India,  Pakistan,  surrounding  areas)  0.45  0.25  0.07
Other  0.37  0.23  0.10
Were  your  born  in  the  United  States  (yes)  −0.07  0.14  0.62
Perceived  health
Overall,  would  you  say  your  health  is:
Excellent  Reference
Very  good −0.02 0.15 0.89
Good  0.49  0.17 0.004
Fair/poor  0.32  0.31 0.31
Knowledge
People  can  get  Lyme  disease  after  a  tick  bite  −0.06  0.16  0.73
The  chance  for  tick  bites  is  higher  during  the  summer  than  the  winter  −0.21  0.15  0.18
Ticks  mostly  fall  out  of  trees  (reverse)  −0.14  0.12  0.23
Using  insect  repellant  on  skin  can  protect  against  tick  bites  0.27  0.12  0.03
The  insect  that  causes  Lyme  disease  is  typically  as  large  as  an  adult
common  houseﬂy
0.17  0.12  0.15
Preventive  behaviors
Perform  tick  checks  after  being  outdoors
Never  Reference
Sometimes  0.01  0.15  0.97
Always  0.56  0.33  0.09
Use  insect  repellant  on  skin  and/or  clothing  when  outdoors
Never  Reference
Sometimes  −0.42  0.14  0.003
Always  −0.39  0.21  0.06
Wear  long  pants  in  wooded  or  bushy  areas
Never  Reference
Sometimes  −0.05  0.20  0.80
Always  0.12  0.20  0.55
Avoid  wooded  areas
Never  Reference
Sometimes  0.19  0.15  0.22
Always  0.31  0.19  0.10
Tuck  pant  legs  into  socks
Never  Reference
Sometimes  0.17  0.14  0.23
Always  0.61  0.25  0.02
Lyme  disease  history  and  miscellaneous
I  typically  spend  a  lot  of  time  outdoors  (yes)  0.43  0.12  <0.001
Before  participating  in  this  survey,  have  ever  heard  of  Lyme  disease?
(yes)
−0.37  0.13  0.01
Have  you  ever  been  diagnosed  with  Lyme  disease?  (yes)  0.57  0.47  0.23
Do  you  know  someone  who  was  diagnosed  with  Lyme  disease?  (yes)  −0.11  0.18  0.52
Have  you  ever  had  a  tick  bite?  (yes)  −0.10  0.19  0.60
Constant  2.65  0.50  <0.001
Note: SE = standard error.
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Table  4  Linear  regression  analyses  for  worried  about  getting  Lyme  disease.
Variable  Beta  SE  p-value
Demographics
Age  (years)  −0.04  0.02  0.04
Sex  (female)  0.24  0.15  0.11
Race/ethnicity
White  Reference
African-American  −0.04 0.23 0.87
Hispanic-American  0.10  0.26 0.71
Asian/Asian-American  0.46  0.19 0.02
South  Asian  (India,  Pakistan,  surrounding  areas)  0.22  0.30  0.46
Other  0.13  0.27  0.63
Were  you  born  in  the  United  States  (yes)  −0.31  0.17  0.07
Perceived  health
Overall,  would  you  say  your  health  is:
Excellent  Reference
Very  good 0.07  0.19 0.71
Good  0.47  0.21 0.02
Fair/poor  0.09  0.38 0.82
Knowledge
People  can  get  Lyme  disease  after  a  tick  bite  −0.18  0.20  0.36
The  chance  for  tick  bites  is  higher  during  the  summer  than  the  winter  0.11  0.18  0.56
Ticks  mostly  fall  out  of  trees  (reverse)  −0.70  0.15  <0.001
Using  insect  repellant  on  skin  can  protect  against  tick  bites  0.02  0.14  0.91
The  insect  that  causes  Lyme  disease  is  typically  as  large  as  an  adult
common  houseﬂy
0.34  0.14  0.02
Preventive  behaviors
Perform  tick  checks  after  being  outdoors
Never  Reference
Sometimes  0.31  0.18  0.08
Always  0.42  0.40  0.29
Use  insect  repellant  on  skin  and/or  clothing  when  outdoors
Never  Reference
Sometimes  0.09  0.17  0.59
Always  −0.33  0.25  0.20
Wear  long  pants  in  wooded  or  bushy  areas
Never  Reference
Sometimes  −0.11  0.24  0.66
Always  −0.04  0.25  0.88
Avoid  wooded  areas
Never  Reference
Sometimes  0.46  0.19  0.02
Always  0.42  0.23  0.07
Tuck  pant  legs  into  socks
Never  Reference
Sometimes  0.14  0.17  0.41
Always  0.47  0.30  0.12
Lyme  disease  history  and  miscellaneous
I typically  spend  a  lot  of  time  outdoors  (yes)  0.40  0.15  0.01
Before  participating  in  this  survey,  have  ever  heard  of  Lyme  disease?
(yes)
−0.30  0.16  0.06
Have  you  ever  been  diagnosed  with  Lyme  disease?  (yes)  0.48  0.57  0.40
Do  you  know  someone  who  was  diagnosed  with  Lyme  disease?  (yes)  0.23  0.21  0.29
Have  you  ever  had  a  tick  bite?  (yes)  −0.28  0.23  0.22
Constant  3.94  0.60  <0.001
Note: SE = standard error.
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Table  5  Linear  regression  analyses  for  afraid  of  getting  Lyme  disease.
Variable  Beta  SE  p-value
Demographics
Age  (years)  −0.05  0.02  0.02
Sex  (women)  0.35  0.15  0.02
Race/ethnicity
White  Reference
African-American  −0.01 0.23 0.98
Hispanic-American  −0.01 0.27 0.98
Asian/Asian-American  0.50  0.20 0.01
South  Asian  (India,  Pakistan,  surrounding  areas)  0.34  0.31  0.27
Other  0.46  0.28  0.10
Were  you  born  in  the  United  States  (yes)  −0.30  0.17  0.08
Perceived  health
Overall,  would  you  say  your  health  is:
Excellent  Reference
Very  good 0.17  0.19 0.38
Good  0.76  0.21 <0.001
Fair/poor  −0.08 0.39 0.83
Knowledge
People  can  get  Lyme  disease  after  a  tick  bite  −0.10  0.20  0.64
The  chance  for  tick  bites  is  higher  during  the  summer  than  the  winter  0.25  0.19  0.19
Ticks  mostly  fall  out  of  trees  (reverse)  −0.81  0.15  <0.001
Using  insect  repellant  on  skin  can  protect  against  tick  bites  −0.05  0.15  0.76
The  insect  that  causes  Lyme  disease  is  typically  as  large  as  an  adult
common  houseﬂy
0.21  0.15  0.16
Preventive  behaviors
Perform  tick  checks  after  being  outdoors
Never  Reference
Sometimes  0.05  0.18  0.81
Always  0.26  0.41  0.53
Use  insect  repellant  on  skin  and/or  clothing  when  outdoors
Never  Reference
Sometimes  0.25  0.17  0.15
Always  −0.42  0.26  0.10
Wear  long  pants  in  wooded  or  bushy  areas
Never  Reference
Sometimes  −0.02  0.24  0.93
Always  0.16  0.25  0.54
Avoid  wooded  areas
Never  Reference
Sometimes  0.53  0.19  0.01
Always  0.55  0.24  0.02
Tuck  pant  legs  into  socks
Never  Reference
Sometimes  0.26  0.18  0.14
Always  0.48  0.31  0.13
Lyme  disease  history  and  miscellaneous
I  typically  spend  a  lot  of  time  outdoors  (yes)  0.49  0.15  0.001
Before  participating  in  this  survey,  have  ever  heard  of  Lyme  disease?
(yes)
−0.26  0.16  0.11
Have  you  ever  been  diagnosed  with  Lyme  disease?  (yes)  0.27  0.59  0.65
Do  you  know  someone  who  was  diagnosed  with  Lyme  disease?  (yes)  0.38  0.22  0.09
Have  you  ever  had  a  tick  bite?  (yes)  −0.36  0.24  0.14
Constant  3.97  0.62  <0.001
Note: SE = standard error.
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voncerns  for  contracting  Lyme  disease  
nd  older  in  terms  of  risk  perception  for  Lyme  dis-
ase. However,  in  their  Swiss  sample,  there  were  no
ge group  differences  for  risk  perception  for  Lyme
isease  for  those  aged  18—34  years,  35—54  years,
nd 55  years  and  older  [7].  We  are  aware  of  one
tudy with  univariate  analyses  for  separate  particu-
ar attitudes  about  Lyme  disease  that  reported  that
hose aged  18—29  years  had  lower  percentages  for
orry about  contracting  Lyme  disease  than  those
ged 30—49  years  and  older  than  50  years.  There
ere no  age  differences  between  those  aged  18—29
ears, 30—49  years,  and  older  than  50  years  with
egard to  either  susceptibility  or  likelihood  to  be
iagnosed  with  Lyme  disease  [6].  Another  commu-
icable  infectious  disease  of  inﬂuenza  was  studied
nd reported  that  age  in  a  sample  of  those  aged  18
o older  than  65  years  was  not  associated  with  worry
r being  scared  about  inﬂuenza  [15]. Our  study  ﬁnd-
ngs are  similar  to  the  report  of  no  association  of
ge with  regard  to  likelihood  to  be  diagnosed  and
lso similar  to  the  pattern  of  either  no  association
f age  and  susceptibility  or  when  susceptibility  was
ombined  in  an  aggregate  measure.  With  regard
o worry  or  fear,  we  are  not  able  to  directly  com-
are our  sample  of  those  aged  18—35  years  to  these
ther studies,  as  our  study  only  included  one  age
roup while  the  other  studies  either  compared  dif-
erent age  groups,  with  only  the  youngest  age  group
eing similar  to  our  sample,  or  comprised  many
ifferent ages  including  those  much  older  than  in
ur sample.  We  suggest  that  within  the  broadly
eﬁned young  adult  age  range  of  18  to  35  years  that
s age  increases,  people  are  more  knowledgeable
bout medical  illness  in  general  and  Lyme  disease
n particular  and  base  their  attitudes  on  facts  rather
han worry  or  fear  and  thus  have  less  worry  as  age
ncreases.
We found  that  women  had  attitudes  for
ncreased susceptibility  and  fear  of  contracting
yme disease  while  there  were  no  sex  differences
or attitudes  regarding  likelihood  to  be  diagnosed  or
orry. Another  study  of  participants  from  Canada
nd Switzerland  did  not  ﬁnd  any  association  of
ex with  susceptibility  or  worry  about  Lyme  dis-
ase in  their  subset  of  those  aged  18—34  years
7].  Our  ﬁndings  are  similar  for  worry  but  dif-
er for  susceptibility.  It  is  possible  that  those
rom the  United  States  have  different  suscep-
ibility attitudes  than  those  from  Canada  and
witzerland. It  is also  possible  that  that  more
esearch is  necessary  to  clarify  this  topic.  We  are
ot aware  of  any  existing  research  on  sex  and
ear of  contracting  Lyme  disease.  Another  study
f communicable  infectious  disease  focusing  on
nﬂuenza  reported  no  sex  differences  for  fear  about
nﬂuenza  risk  [20]. Our  ﬁndings  differ  from  the
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attern  in  inﬂuenza,  suggesting  that  women  have
reater fear  than  men  for  contracting  Lyme  dis-
ase.
We found  that  Asian/Asian-American  race/
thnicity was  associated  with  increased  worry  and
ear. We  are  not  aware  of  any  literature  for
sian/Asian-American  race/ethnicity  and  worry  or
ear about  Lyme  disease.  Another  communicable
nfectious disease  study  of  inﬂuenza  reported  that
hree-quarters  of  their  Chinese  sample  were  not
fraid of  contracting  H1N1  inﬂuenza  [16]. Our  study
iffers from  the  pattern  seen  by  inﬂuenza,  suggest-
ng that  there  may  be  some  cultural  reasons  why
oung  adult  Asian/Asian-Americans  have  worry  and
ear about  Lyme  disease.  Future  research  should
nvestigate these  possible  cultural  reasons.
We found  an  association  of  good  perceived  health
ith  increased  likelihood  to  be  diagnosed,  worry
nd fear;  no  such  associations  were  observed  with
ery good  perceived  health  or fair/poor  perceived
ealth. Perceived  health  has  a  typical  consistent
attern such  as  by  chronic  diseases  where  those
ith  more  chronic  diseases  report  lower  levels  in
he direction  of  poorer  perceived  health  [17]. It  is
urprising that  our  study  differs  from  this  pattern  in
hat we  only  found  associations  for  good  perceived
ealth. It  is  possible  that  this  pattern  for  perceived
ealth  does  not  apply  to  attitudes  for  Lyme  disease.
lso, a  possible  speculative  reason  for  this  differ-
nce is  that  those  with  good  health  are  those  who
reviously  had  health  concerns  and  worked  hard  to
mprove their  health.  These  individuals  might  apply
heir experience  toward  being  concerned  and  wor-
ied about  the  impact  of  other  diseases  such  as
yme disease.
With regard  to  the  knowledge  variables,  depend-
ng upon  the  variable,  we  found  that  correct
nowledge was  associated  with  either  increased
usceptibility, increased  likelihood  to  be  diagnosed
nd/or increased  worry.  Previous  research  that
ncluded  a  number  of  our  knowledge  questions
ound an  association  of  higher  correct  total  knowl-
dge scores  with  engaging  in  preventive  behaviors
or Lyme  disease  [6]. Our  study  ﬁndings  are  sim-
lar to  this  study,  suggesting  that  knowledge  is
lso associated  with  attitudes  toward  susceptibility,
ikelihood to  be  diagnosed  and/or  worry.  How-
ver, correctly  answering  one  of  our  knowledge
tems that  ticks  do  not  mostly  fall  out  of  trees
as associated  with  decreased  worry  and  fear.  This
iffers from  the  pattern  for  the  other  knowledge
ariables. Future  research  should  study  why  this
attern occurred.
We found  that  engaging  in  the  Lyme  disease
reventive behavior  of  avoiding  wooded  areas  was
ssociated  with  increased  worry  and  fear.  This  is
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consistent  with  previous  research  that  engaging
in Lyme  disease  preventive  behaviors  of  checking
skin and  wearing  protective  clothing  were  associ-
ated  with  increased  worry  [6].  Our  results  were
mixed regarding  likelihood  to  be  diagnosed  with
Lyme disease;  engaging  in  the  preventive  behavior
of tucking  pant  legs  into  socks  was  associated  with
an increased  likelihood  while  using  insect  repel-
lant on  the  skin  was  associated  with  a  decreased
likelihood. This  might  be  explained  by  the  ﬁnd-
ings from  another  study  in  which  the  preventive
behavior of  checking  the  skin  was  associated  with
an increased  likelihood  in  the  univariate  analysis
while  in  the  multivariate  analysis  this  pattern  no
longer  occurred  [6]. Our  study  ﬁndings  suggest  that
different  preventive  behaviors  may  be  associated
with different  patterns  regarding  the  likelihood  to
be diagnosed  with  Lyme  disease.
We found  that  those  who  reported  that  they
typically spend  a  lot  of  time  outdoors  showed  a
signiﬁcant  association  with  increased  susceptibil-
ity, increased  likelihood  to  be  diagnosed,  increased
worry, and  increased  fear  regarding  Lyme  disease.
We are  not  aware  of  any  similar  research  on  Lyme
disease. Previous  research  reports  that  those  who
are exposed  to  a  disease  often  have  greater  psy-
chological  concerns  such  as  worry  and  fear  [18].
Our study  is  similar  to  this  approach.  It  is also
logical that  those  who  typically  spend  a lot  of
time outdoors  and  have  increased  exposure  to
Lyme disease  would  be  concerned  with  increased
susceptibility,  increased  likelihood  of  diagnosis,
increased worry,  and  increased  fear  of  Lyme  dis-
ease.
We found  that  those  who  had  heard  of  Lyme
disease before  participating  in  the  survey  had
decreased  associations  with  susceptibility  and  like-
lihood to  be  diagnosed.  We  are  not  aware  of  any
previous research  on  this  topic  focusing  on  Lyme
disease.  Previous  research  on  the  health  topic  of
cardiovascular  disease  reports  that  those  who  had
previously  heard  about  cardiovascular  disease  had
accurate  knowledge  about  certain  risk  factors  for
cardiovascular  disease  [19]. We  suggest  that  our
study uses  a  similar  framework  and  it  is  quite  logi-
cal that  those  who  heard  about  Lyme  disease  have
accurate  knowledge  about  risk  factors  for  Lyme  dis-
ease and  therefore  do  not  believe  that  they  are
susceptible  or  likely  to  be  diagnosed  for  Lyme  dis-
ease.
We did  not  ﬁnd  any  association  of  ever  diag-
nosed with  Lyme  disease  with  either  susceptibility,
likelihood to  be  diagnosed,  worry,  or  fear.  We
are not  aware  of  any  previous  research  on  this
aspect of  Lyme  disease.  We  propose  that  our  results
can be  explained  by  equally  compelling  reasons
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irectly  competing  with  each  other  and  result-
ng in  non-signiﬁcance.  It  is  possible  that  those
ith a previous  Lyme  disease  diagnosis  may  per-
eive themselves  as  having  some  type  of  immunity
or future  Lyme  disease.  It also  possible  those
ho have  had  Lyme  disease  may  be  more  con-
erned and  thus  more  susceptible,  likely  to  be
iagnosed,  worried,  and  afraid.  A  third  possibil-
ty is that  there  were  too  few  individuals  with
yme disease  to  allow  us  to  observe  any  associa-
ion. We  also  found  that  those  who  knew  someone
ho had  been  diagnosed  with  Lyme  disease  had
n increased  association  with  susceptibility.  We  are
ot aware  of  any  previous  literature  on  this  topic
or Lyme  disease.  We  suggest  that  it is possible
hat knowing  someone  diagnosed  with  the  disease
ncreases  a person’s  perception  of  its  relevance
nd results  in  feelings  of  increased  susceptibil-
ty.
This study  has  several  limitations.  First,  because
he study  only  included  a  relatively  young  age
roup,  its  results  may  not  be  applicable  to  middle
nd older  ages.  Second,  the  state  of  New  York  has
 high  incidence  of  Lyme  disease;  therefore,  the
espondents  may  be  more  educated  about  Lyme  dis-
ase as  compared  to  those  from  low-incidence  Lyme
isease areas.  Future  research  should  study  those
rom low-incidence  states.  Third,  we  did  not  study
he possible  associations  of  a weakened  immune
ystem  due  to  the  presence  of  an  existing  medi-
al condition.  Future  research  should  study  those
ith pre-existing  medical  conditions  regarding  their
ttitudes toward  susceptibility,  likelihood  to  be
iagnosed,  worry,  and  fear  about  Lyme  disease.
onclusions
e  found  that  women  were  associated  with
ncreased susceptibility  and  fear.  Asian/Asian-
merican race/ethnicity  was  associated  with
ncreased  worry  and  fear.  Those  with  perceived
ood health  were  associated  with  increased  like-
ihood to  be  diagnosed,  worry,  and  fear.  Correct
nowledge was  associated  with  increased  suscep-
ibility and  likelihood  to  be  diagnosed.  Those
ho typically  spend  a  lot  of  time  outdoors  were
ssociated with  increased  susceptibility,  likelihood
o be  diagnosed,  worry,  and  fear.  Physicians,
ealthcare providers,  and  public  health  campaigns
hould address  susceptibility,  likelihood  to  be
iagnosed,  worry,  and  fear  about  Lyme  disease,
articularly targeting  women  and  Asians/Asian-
mericans, in  an  effort  to  address  any  possible
isconceptions and/or  offer  effective  coping
trategies.
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